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Over the last several decades, voluntary certiﬁcation programs have become a key approach to
promote sustainable supply chains for agricultural commodities. These programs provide
premiums and other beneﬁts to producers for adhering to environmental and labor practices
established by the certifying entities. Following the principles of Cochrane Reviews used in health
sciences, we assess evidence to evaluate whether voluntary certiﬁcation of tropical agricultural
commodities (bananas, cocoa, coffee, oil palm, and tea) has achieved environmental beneﬁts and
improved economic and social outcomes for small-scale producers at the level of the farm
household. We reviewed over 2600 papers in the peer-review literature and identiﬁed 24 cases of
unique combinations of study area, certiﬁcation program, and commodity in 16 papers that
rigorously analyzed differences between treatment (certiﬁed households) and control groups
(uncertiﬁed households) for a wide range of response variables. Based on analysis of 347
response variables reported in these papers, we conclude that certiﬁcation is associated on average
with positive outcomes for 34% of response variables, no signiﬁcant difference for 58% of
variables, and negative outcomes for 8% of variables. No signiﬁcant differences were observed for
different categories of responses (environmental, economic and social) or for different
commodities (banana, coffee and tea), except negative outcomes were signiﬁcantly less for
environmental than other outcome categories (p = 0.01). Most cases (20 out of 24) investigated
coffee certiﬁcation and response variables were inconsistent across cases, indicating the paucity of
studies to conduct a conclusive meta-analysis. The somewhat positive results indicate that
voluntary certiﬁcation programs can sometimes play a role in meeting sustainable development
goals and do not support the view that such programs are merely greenwashing. However, results
also indicate that certiﬁcation is not a panacea to improve social outcomes or overall incomes of
smallholder farmers. Rigorous analysis, standardized criteria, and independent evaluation are
needed to assess effectiveness of certiﬁcation programs in the future.1. Introduction
Civil society and the private sector are increasingly
relying on voluntary certiﬁcation labels, such as
Fairtrade and organic, to pursue social and environ-© 2017 IOP Publishing Ltdmental sustainability in supply chains for agricultural
products. The basic rationale behind certiﬁcation
programs is straightforward. Producers receive pre-
miums and other beneﬁts for following sustainability
criteria deﬁned by a certifying entity. Consumers
Environ. Res. Lett. 12 (2017) 033001 R S DeFries et al(either retail or buyers in the supply chain) pay a
premium in exchange for assurance that producers in
reality met these criteria.
Coffee, cocoa and other export-oriented, tropical
crops are a particular focus for certiﬁcation programs.
The focus on these commodities arises for several
reasons. State-level governance in the tropics in many
instances does not prioritize sustainable production or
is unable to implement effective environmental and
labor regulations, leaving open the possibility for non-
governmental organizations and the private sector to
developmarkets for certiﬁed products. Second, despite
recent reductions in numbers of people living below
the poverty line, most of the world’s poor are
smallholder farmers and laborers in rural areas in
the tropics (Cruz et al 2015). Improving livelihoods of
smallholder farmers and ensuring adequate working
conditions for agricultural laborers are consequently
critical aspects of sustainable supply chains. Third,
habitat conservation is a major factor in sustainable
supply chains from an environmental viewpoint and
most of the world’s biodiversity is located in the humid
tropics (Fisher and Christopher 2007). Finally, several
tropical crops are widely traded commodities and
certiﬁcation programs could have a large effect on
international supply chains. In 2015, the total value of
exports for coffee, palm oil, bananas, tea and cocoa—
the commodities we consider for this review—were
approximately 21.2, 12.4, 8.4, 5.1 and 2.7 trillion US
dollars respectively (United Nations 2015b). These
factors combine to highlight certiﬁcation as a
potentially inﬂuential mechanism to address several
sustainable development goals, including ‘no poverty’
(goal 1), ‘responsible consumption’ (goal 12), and ‘life
on land’ (goal 15) (United Nations 2015b), as well as
private sector commitments to sustainable supply
chains.
Ultimately, whether voluntary certiﬁcation pro-
grams fulﬁll their potential rests on whether beneﬁts
are in fact realized on the ground. Producers will only
adopt the practices if they perceive that they will be
better off than they would otherwise be following
other options, including non-certiﬁed production or
other livelihood strategies. Consumers will only be
willing to pay premiums if they trust the certifying
entity to achieve positive impacts. Empirical and
rigorous data on the effectiveness of voluntary
certiﬁcation programs is fundamental to their ultimate
success.
Previous reviews of certiﬁcation programs high-
light a dearth of studies that rigorously assess whether
certiﬁcation schemes are meeting their goals for
socially and environmentally sustainable production
(Blackman and Rivera 2011, Lernoud et al 2016,
Milder et al 2015, Potts et al 2014). A particular
challenge is comparison of impacts of certiﬁed and
non-certiﬁed production that accounts for the
counterfactual, in other words what the impacts
would have been if the same certiﬁed producers were2not certiﬁed (see methods section below on methods
to account for selection bias and establish a
counterfactual control group). The growing literature
also highlights several other concerns with voluntary
certiﬁcation programs. Smallholders who cannot
afford the transaction costs associated with certiﬁca-
tion or do not have access to information can be
further marginalized. Authors argue that certiﬁcation
programs need to strengthen mechanisms to ensure
that poorer farmers have the opportunity to beneﬁt
and that the market is not further concentrated in the
hands of large plantations and wealthier farmers
(Brandi et al 2015). An additional critique is that
certiﬁcation schemes have to date been driven
predominantly by non-governmental organizations
and private sector entities from the North, usurping
the role of governments in the South to promote their
own priorities and establish capacity to regulate
production (McDermott 2013, Schleifer 2016).
Certiﬁcation programs cover a large number of
products, including forestry products, ﬁsheries, handi-
crafts and many crops (Lernoud et al 2016, Potts et al
2014). For a manageable subset, we focus this review
on ﬁve major tropical, land-based food commodities.
The review assesses case studies in the peer-review
literature and summarizes existing results on the
impacts of certiﬁcation at the household (farm) level
for smallholder producers who participate in certiﬁ-
cation programs. We follow the procedures of
Cochrane Reviews (Higgins and Green 2011) using
statistically rigorous analysis (deﬁned below) to
address the question: are the impacts of certiﬁed
production on economically, socially and environ-
mentally sustainable production signiﬁcantly different
than non-certiﬁed production and, if so, what are the
impacts? In other words, we rigorously assess the
currently-available evidence to test whether voluntary
certiﬁcation programs are achieving results on the
ground.2. Background on voluntary certiﬁcation
programs
Early certiﬁcation programs were based on eco-
labeling to distinguish products that excelled in terms
of the environmental sustainability of their production
(Potts et al 2014). The number of certiﬁcation
programs has multiplied over the last several decades
and broadened to include criteria related to economic,
social and environmental sustainability. Certiﬁcation
programs generally use a multi-stakeholder process to
establish general principles, supported by detailed
guidelines and checklists of practices to achieve these
principles (these checklists are available in the
individual websites for certiﬁcation programs). To
be certiﬁed, producers are required to follow these
guidelines and undergo a veriﬁcation process carried
out by auditors.
Table 1. Major certiﬁcation programs for commodities considered in this review. Objectives and principles were obtained from
programs’ respective websites. Date is from (Potts et al 2014). SAN = Sustainable Agriculture Network, IFOAM = International
Foundation for Organic Agriculture. Commodities certiﬁed are those of the 5 considered in this review and not all commodities
certiﬁed by the programs.
Programa Date
founded
Key objectives and principles for certiﬁcation standards Commodities
certiﬁed
Fair Trade
International
1997 Ensure that producers receive prices that cover their average costs of
sustainable production; Provide an additional Fairtrade Premium which
can be invested in projects that enhance social, economic and
environmental development; Enable pre-ﬁnancing for producers who
require it; Facilitate long-term trading partnerships and enable greater
producer control over the trading process; Set clear core and
development criteria to ensure that the conditions of production and
trade of all Fairtrade certiﬁed products are socially, economically fair
and environmentally responsible
Bananas, Coffee,
Cocoa, Tea
GlobalGAP (Good
Agricultural Practices)
1997 Food safety and traceability; Environment (including biodiversity);
Workers’ health, safety and welfare;
Animal welfare; Includes Integrated Crop Management; Integrated
Pest Management; Quality Management System; and Hazard Analysis
and Critical Control Points
Bananas
Organic 1972
(IFOAM)
IFOAM is umbrella organization with afﬁliates in more than 100
countries. Organic standards are typically set at national and regional level.
Bananas, Coffee,
Cocoa, Tea, Palm oil
Rainforest Alliance/
SAN
1987 Social and environmental management system; Ecosystem conservation;
Wildlife protection; Water conservation; Fair treatment and good working
conditions; Occupational health and safety; Community relations
Bananas, Coffee,
Cocoa, Tea, Palm oil
UTZ Certiﬁed 2002 Standards cover management, farming practices, working conditions and
environment
Coffee, Cocoa, Tea
Roundtable for
Sustainable Palm Oil
2004 Environmental responsibility and conservation of natural resources and
biodiversity; Commitment to transparency; Responsible consideration of
employees, and of individuals and communities affected by growers and
mills; Compliance with applicable laws and regulations; Responsible
development of new plantings; Commitment to long-term economic and
ﬁnancial viability; Use of appropriate best practices by growers and
millers; Commitment to continuous improvement in key areas of activity
Palm oil
a Other certiﬁcation programs for coffee include Starbucks CAFÉ, 4 C Association, and Bird Friendly.
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programs for the commodities considered in this review
address the three pillars of sustainable development—
economic, social and environmental—to varying
degrees (table 1). For example, Fairtrade International
focuses on equity and producer control, but also
includes some guidelines related to environmental
concerns. Several programs (e.g. Fairtrade, organic,
Rainforest Alliance) certify multiple consumer-facing
products such as coffee and cocoa produced by
smallholder farmers. More recently, and particularly
in the case of commodities such as palm oil that are
present inmany products but are not directly evident to
retail consumers, producers and other stake-holders
have formed roundtables to develop certiﬁcation
guidelines (Garrett et al 2016). Roundtables have
developed for commodities produced by large-scale
producers on plantations.
The share of standard-compliant production has
grown considerably in recent years. Compliant
production grew from 15% to 40%, 3% to 22%,
2% to 15%, 6% to 12%, and 2% to 3% between 2008
and 2012 for coffee, cocoa, palm oil, tea and bananas
respectively (Potts et al 2014). However, supply is
greater than demand and a considerable portion of
compliant production is sold as non-compliant,3meaning that producers incur the cost of adhering
to standards but do not receive the beneﬁt through
premiums for that share of production (ﬁgure 1(a)).
Of the ﬁve commodities, oil palm is the largest
share in terms of area harvested (ﬁgure 1(b)) and
production (ﬁgure 1(c)), as well as the most recent
addition to the suite of certiﬁed tropical commodities.
Coffee has the largest share of certiﬁed production
(40% of all production standard-compliant and 12%
sold as standard-compliant) with a relatively long
history of certiﬁcation following the market crash in
the 1990s with the collapse of the International Coffee
Agreement (Auld 2010). Shade-grown coffee, which
harbors greater biodiversity than higher-yielding,
hybrid full sun coffee (De Beenhouwer et al 2013,
Perfecto et al 1996), has been a particular target for
certiﬁcation programs such as Rainforest Alliance for
several decades. These varying histories of certiﬁcation
of different commodities are reﬂected in the number
and nature of case studies available for this review.3. Methods
For this review, we follow the approach deﬁned
for Cochrane Systematic Reviews of interventions
(a)
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Figure 1. Percent of production (by tonnes) for standard compliant sales, standard-compliant production not sold as standard-
compliant, and non-standard compliant production in 2012 from ﬁgure 4.3 in (Potts et al 2014) (ﬁgure 1(a)). Area harvested (ﬁgure 1
(b)) and production (ﬁgure 1(c)) for 2012 from (United Nations Food and Agriculture Organization 2016).
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coordinated by an independent network of researchers
and practitioners, are used in the healthcare ﬁeld to
gather and summarize reliable evidence. Key charac-
teristics of a systematic review are (Green et al 2008):– A clearly stated set of objectives with pre-deﬁned
eligibility criteria for studies;– An explicit, reproducible methodology;– A systematic search that attempts to identify all
studies that would meet the eligibility criteria;– An assessment of the validity of the ﬁndings of
the included studies, for example through the
assessment of risk of bias; and– A systematic presentation, and synthesis, of the
characteristics and ﬁndings of the included studies.
Ideally, Cochrane Reviews are based on results of
randomized control trials. In non-experimental
studies assessing the effectiveness of certiﬁcation
programs, randomized control trials are less feasible
than in the healthcare ﬁeld due to the impracticability
of establishing treatment and control groups of
households participating in certiﬁcation programs.
In lieu of randomized control trials, rigorous studies
that assess effectiveness of certiﬁcation programs
compare certiﬁed and non-certiﬁed households using
statistical approaches to guard against selection bias
(Blackman and Rivera 2011). Selection bias can occur4if treatment and control groups are not comparable in
terms of biophysical (e.g. soil, topography), socioeco-
nomic (e.g. preferential bias to participate in
certiﬁcation programs, access to markets, education),
or other characteristics.
Several methods address the risk of bias, which all
involve the construction of a credible counterfactual
control group. One method is to pair certiﬁed
producers with non-certiﬁed producers in the study
design to ensure that each pair is similar in terms of
co-variates that could feasibly affect the result. The
treatment and control groups are constructed from the
matched pairs (Stuart 2010). A second method is
propensity score matching which identiﬁes regions of
‘common-support’ between treatment and control
groups. The propensity score predicts probability of
certiﬁcation based on confounding factors. Observa-
tions in the control group with a propensity score
lower than the minimum in the treatment group, and
observations in the treatment group with a propensity
score higher than the maximum in the control group,
are eliminated from the sample in order to include
only comparable observations in the two groups.
Matching is carried out through one-to-one pairing of
observations with the same propensity score, nearest
neighbor, or kernel matching which weights observa-
tions in the control group according to propensity-
score distance from the observation in the treatment
group (Austin 2011, Ruben and Fort 2012). A third
method is difference-in-difference, which is common
in econometrics. The method uses balanced panel data
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certiﬁcation in treatment and control groups, imply-
ing that the difference in outcomes between the two
groups is attributable to certiﬁcation (Donald and
Lang 2007). A difference-in-difference method is only
possible if observations are available before and after
the time certiﬁcation began for both control and
treatment groups.
The process undertaken for this review is: (1)
establish criteria for which studies to include in the
review, (2) identify potential studies, (3) assess each
study with particular attention to risk of bias, (4)
categorize response variables from studies included in
the review, and (5) evaluate results.
3.1. Criteria for inclusion in review
We identiﬁed the following criteria to determine which
papers to include in the review:– The study must include primary, quantitative, and
empirical data that compares economic, social,
and/or environmental outcomes between certiﬁed
and non-certiﬁed households. A large body of
literature contains useful and relevant qualitative
analysis assessing impacts and perceptions about
certiﬁcation programs at all levels of the supply
chain, e.g. (Arce, 2009, Byerlee and Rueda, 2015).
We recognize the value of this literature, but
restrict this review to studies that quantitatively
compare treatment (certiﬁed) and control (non-
certiﬁed) groups. There is also a large body of
literature that evaluates differences in biodiversity
for various levels of shade and agroforestry
management for coffee and cocoa (see De Been-
houwer et al (2013) for a meta-analysis of
biodiversity beneﬁts from agroforestry). Again, we
recognize the value of these studies in setting
certiﬁcation standards. However, because shade-
grown coffee and cocoa can occur with or
without certiﬁcation, we do not include these
studies in the review unless they explicitly assess
differences in biodiversity of certiﬁed and non-
certiﬁed farms or whether certiﬁcation accounts
for differences in management.– The study must be published in the peer-review
literature. We did not include studies in the grey
literature or studies commissioned by certifying
entities, e.g. (Anon, 2016, Milder and Newsom
2015). We restrict the search to peer review
literature to increase conﬁdence that methods and
statistical analyses meet standards of the scientiﬁc
community. In the case of book chapters, we
contacted the book’s editor to identify whether
the chapters went through a peer review process.– The study explicitly accounts for risk of bias in
comparing certiﬁed and non-certiﬁed groups. Stud-
ies that compare these two groups without account-
ing for confounding factors with methods such as5those described above are identiﬁed as high risk.
Studies that do not report statistical signiﬁcance of
differences between groups are not included.
We only include English-language papers.
3.2. Identiﬁcation and assessment of potential
studies
Weused the following search terms inWeb of Science to
identify potential studies to include in the review:
certiﬁcation, certiﬁed, or sustainable as primary search
terms and coffee, cocoa (or cacao), banana, tea and oil
palm as secondary terms. Each combination of primary
and secondary terms were a separate search. Date of the
search was February 25, 2016. We downloaded the
citation information and abstracts for the papers that
met the search criteria. We eliminated duplicates with
EndNote bibliography software.
For the studies that met the search criteria (see
section 4.1), we skimmed all the titles and abstracts to
determine potential relevance for the review. This step
eliminated studies that are technical, agronomic studies
about the ﬁve crops or in other ways not related to
certiﬁcation. Following this initial screening, we down-
loaded the full papers for the remaining studies.We then
assessed whether each paper met the criteria.
For each study that we identiﬁed as meeting the
criteria, we recorded the date of study, location of the
study at the country level, certiﬁcation program(s),
number of households surveyed, response variables
assessed in the study, and whether the difference for
each response variable between certiﬁed and non-
certiﬁed households was positive, negative or not
signiﬁcant along with level of signiﬁcance (p-value).
We recorded only the sign of the difference, rather than
the value, because the literature does not consistently
report impact in absolute or percentage terms and
does not generally provide the underlying data that
would allow comparisons of magnitude of impact
beyond positive, negative or not signiﬁcant.
Studies range considerably in the number of
variables collected through surveys and assessed for
statistical signiﬁcance in difference between treatment
and control groups. To avoid artifacts from the
difference in number of response variables in different
studies, we use the average fraction in each study of
impacts variables that are positive, negative or not
signiﬁcantly different (rather than taking the fraction
of all response variables from all studies) as the key
metric to evaluate results.
Some studies include comparisons of impacts
among certiﬁcation programs rather than or in
addition to comparison between certiﬁed and non-
certiﬁed households, e.g. (Woubie et al 2015). We
include only those comparisons with non-certiﬁed
households. In addition, some response variables, e.g.
input costs, indicate a disadvantage for producers if
positive difference between the treatment and control
groups. In those few cases, we reversed the sign so that
Table 2. Categories for response variables used in this review (see
table S2 for detailed variables for individual cases within each of
these categories).
Category Aggregated Category
Yield of respective crop
ECONOMICRevenue from respective crop
Household income
Non-income well-being SOCIAL
Impacts on habitat conservation
ENVIRONMENTAL
Other environmental impacts
Unrelated to sustainability OTHER
Environ. Res. Lett. 12 (2017) 033001 R S DeFries et ala positive sign for a response variable indicates an
advantage and a negative sign indicates a disadvantage
associated with certiﬁcation. In addition, if the paper
reports certiﬁcation as the control and non-certiﬁca-
tion as the treatment, we reversed the sign.
For studies that reported results from multiple
study areas, treatment groups with different certiﬁca-
tion programs, or commodities, we identiﬁed each
unique combination of study area/certiﬁcation and
program/commodity as a separate case. If multiple
studies reported on the same study area with the same
certiﬁcation program and commodity, we combined
results into a single case.
3.4. Comparison of response variables
In the absence of standard evaluation metrics for
assessing certiﬁcation programs, researchers typically
deﬁne response variables based on their interests and
experiences. Some studies emphasize economic impacts
such as income while some studies emphasize
environmental impacts such aswhether farmers planted
trees outside coffee plots. The response variables vary
greatly across the studies. A seemingly simple variable
such as yield, for example, could be reported as yield per
hectare, yield per tree, or yield per farm. Non-income
well-being variables include a range of impacts, for
example from satisfaction with technical assistance to
whether the household has piped water.
Consequently, we ﬁrst categorized the response
variables identiﬁed within 7 categories and aggregated
these categories into three that represent the pillars of
sustainability: Economic, Social, and Environmental
(table 2). We also included a category for ‘other’ for
variables unrelated to sustainability.
We assigned each of the response variables in the
studies according to these categories.
3.5. Evaluation of results
We evaluated the results for each case according to the
average fraction of response variables that are positive,
negative, or not signiﬁcant between treatment (certi-
ﬁed) and control (non-certiﬁed). We calculated these
fractions for each of the 24 cases. We analyzed the
average fractions across cases (in effect average of
averages) in three different groupings by: commodity;
categoryof response variables (environment, economic,6social); and certiﬁcation program. We used a Kruskal-
Wallace to test whether differences in fractions are
signiﬁcant across these groupings. Separate tests were
applied for positive, not signiﬁcant, and negative
fractions for each of the groups. These tests allowed
us to address the question, for example, of whether
positive outcomes are signiﬁcantly different for envi-
ronmental, economic, or social response variables.
Overall assessment is based on average fractions
across cases of positive, not signiﬁcant, and negative
differences in response variables combining all
commodities, certiﬁcation programs and categories
of response variables.
3.6. Cross-checks on reproducibility of methods
As recommended for a Cochrane Review (Green and
Higgins 2008), more than one person on the
authorship team participated in decisions to guard
against errors and bias. Three decisions in the methods
are subject to potential error: (1) the search for papers
to include in the ﬁrst-stage evaluation, (2) selection of
papers to include in the analysis, and (3) assignment of
response variables to categories. The ﬁrst author
carried out the search, selection, and category
assignments. Co-authors independently searched for
papers in other search engines and with other search
terms to test whether relevant papers were excluded;
applied the criteria for a subset of papers that met the
search terms to test reproducibility of the selection
process; and reviewed categories assigned to response
variables to check for discrepancies.4. Results4.1. Identiﬁcation of studies
In total, 2658 papers met the search criteria, with the
highest number for coffee—31% (table 3). The second
step of skimming the titles and abstracts to identify
relevant papers drastically reduced the total number to
185. The third step to identify papers that meet the
criteria in section 3.1 further eliminated most studies,
leaving sixteen papers. Fourteen papers in addition to
these sixteen only met the ﬁrst two search criteria
(primary, quantitative, and empirical data; and peer-
review literature) but did not meet the third criterion
(explicitly accounting for risk of bias). Table 4 includes
the papers with low risk of bias and table S1 (available
at stacks.iop.org/ERL/12/033001/mmedia) includes
papers that met the ﬁrst two criteria but were
considered to have higher risk of bias (Bacon 2005,
Bacon et al 2008, Bacon et al 2014, Elder et al 2012,
Elder et al 2013, Fort and Ruben 2009b, Gockowski
et al 2013, Jacobi et al 2015, Jaffee 2009, Lyngbaek et al
2001, Melo and Wolf 2005, Mendez et al 2010,
Ochieng et al 2013, Philpott et al 2007, Saswattecha
et al 2015, Dumont et al 2014). We evaluate results
only for the 16 papers with low risk of bias, which
resulted in 24 cases (each case is a unique combination
Table 3. Numbers of papers assessed for the review.
Coffee Cocoa Bananas Tea Oil palm Total
Number of papers meeting search criteria (after removing duplicates) 811 230 340 618 659 2658
Number of papers considered relevant after initial screening 101 30 19 7 28 185
Number of papers with low risk of bias (included in analysis) 13 0 2 1 0 16
Number of papers with risk of bias (not included in analysis) 8 3 1 1 1 14
Number of cases included in analysis 20a 0 2 2
b
0 24
a Twenty cases are contained in the 13 papers for coffee. Three certiﬁcation programs are included in (Chiputwa et al 2015)and two
in (Van Rijsbergen et al 2016). Three study regions for coffee are included in each (Arnould et al 2009) and (Elbers et al 2015). Two
study regions are included in (Schoonhoven-Speijer and Ruben 2015). The same study region is reported in (Rueda and Lambin
2013) and (Rueda et al 2015).
b One paper (Qiao et al 2016) includes two study areas for tea.
Table 4. Sources and characteristics of 24 cases used for the review. See table S2 for number of samples and response variables
included in these cases. PSM = propensity score matching; diff-in-diff = difference in difference method.
Reference Location Commodity Certiﬁcation Matching method
(Fort and Ruben 2009b)a Peru Banana Fairtrade PSM
(Zinuga-Aria and Saenz-Segura 2009), (Ruben et al 2009) Costa
Rica
Banana Fairtrade PSM
(Saenz-Segura and Zuniga-Arias 2009), (Ruben et al 2009) Costa
Rica
Coffee Fairtrade PSM
(Rueda and Lambin 2013); (Rueda et al 2015) Colombia Coffee Rainforest
Alliance
pair matching
(Bolwig et al 2009) Uganda Coffee Organic full information maximum
likelihood
(Arnould et al 2009)
Nicaragua Coffee Fairtrade test confounding factors
Peru Coffee Fairtrade test confounding factors
Guatemala Coffee Fairtrade test confounding factors
(Ruben and Fort 2012)b Peru Coffee Fairtrade PSM
(Van Rijsbergen et al 2016)c
Kenya Coffee Fairtrade Diff-in-diff
Kenya Coffee Fairtrade/UTZ Diff-in-diff
(Chiputwa et al 2015)
Uganda Coffee Fairtrade PSM
Uganda Coffee Rainforest
Alliance
PSM
Uganda Coffee UTZ PSM
(Takahashi and Todo 2013) Ethiopia Coffee Rainforest
Alliance
PSM
(Jena et al 2012) Ethiopia Coffee Fairtrade/org PSM
(Ruben and Zuniga 2011) Nicaragua Coffee Fairtrade PSM
(Elbers et al 2015)
Uganda1d Coffee UTZ Diff-in-diff
Uganda2e Coffee UTZ Diff-in-diff
Uganda3f Coffee UTZ Diff-in-diff
(Schoonhoven-Speijer and Ruben 2015)
Kenya1g Coffee UTZ test prob of certiﬁcation
Kenya2h Coffee UTZ test prob of certiﬁcation
(Qiao et al 2016)
China Tea Organic PSM
Sri Lanka Tea Organic PSM
a This case study is also summarized in (Ruben et al 2009).
b This case study is also reported in (Fort and Ruben 2009a) and summarized in (Ruben et al 2009).
c This case study is also reported in (van Rijsbergen et al 2015).
d Study region is Old Ankole community, Ibanda district.
e Study region is New Ankole community, Ibanda district).
f Study region is Kulika district.
g Study region is Embu district.
h Study region is Mathioya district.
Environ. Res. Lett. 12 (2017) 033001 R S DeFries et alof study region, commodity, and certiﬁcation pro-
gram) because several papers included results from
multiple study regions or certiﬁcation programs in a
single paper (see footnote to table 4). The 24 cases
contained a total of 347 response variables, not
including 125 categorized as ‘other’ (table S2).7We found no papers that met the criteria for cocoa
or oil palm and only one for tea (with 2 cases) and two
papers for bananas (table 4). The predominance
of papers assessed impacts of coffee and Fair Trade.
Two papers assessed impacts of multiple certiﬁcation
(one each for Fair Trade/Utz and Fair Trade/organic),
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Figure 2. Average fraction across 24 cases of environmental, economic, social and all response variables (excluding those categorized
as ‘other’) that are positive, not signiﬁcant and negative for certiﬁed (treatment) and uncertiﬁed (control) producers. Error bars
indicate 95% conﬁdence intervals.
Environ. Res. Lett. 12 (2017) 033001 R S DeFries et alwhich farmers undertake to maintain options for
different markets.
Papers on coffee spanned across Latin America and
Africa, but papers on banana were only from Latin
America and papers on tea only from Asia. The
imbalance in the commodities, certiﬁcation programs,
and geographical locations rigorously evaluated in the
literature indicates the need for additional, targeted
studies and the inability to form robust conclusions that
compareacrosscommoditiesandcertiﬁcationprograms.
The cross-checks on reproducibility of results
indicated no major discrepancies but identiﬁed one
additional edited book containing peer-review cases
which we subsequently added to the analysis. A Google
Scholar search also identiﬁed a relevant paper outside
the time window for this review (Bellamy et al 2016),
which we did not include. In the second step to select
papers based on the criteria, independent selection by
co-authors for subsets of 30 papers on oil palm and 25
papers on cocoa agreed with the ﬁrst author’s decisions.
Co-authors’ assignment of categories for response
variables also agreed with a few minor discrepancies.
4.2. Evaluation of studies
Comparison across the 24 cases indicates that on
average 34% of response variables were signiﬁcantly
positive, 58% not signiﬁcant and 8% signiﬁcantly
negative (ﬁgure 2). We interpret this result as a
moderately positive impact from certiﬁcation pro-
grams across the pillars of sustainability at the
household level.
When aggregating results by category of response
variable (environmental, economic, and social), each
of these categories covers a large range of impacts that
ﬁt loosely into these categories (table S2). Environ-
mental and economic response variables had approxi-
mately the same average fraction of positive outcomes
(36% for both) compared with social response
variables (18%). Environmental impacts variables
had the largest average fraction of not signiﬁcant
response variables across cases (64%) and the lowest
fraction of negative outcomes (0%) (table 5).8However, Kruskal-Wallace test indicates that the
differences in means among the three categories are
not statistically signiﬁcant except for negative impacts
(p = 0.01).
Results show a pattern within categories (ﬁgure S1).
For economic response variables categorized as ‘revenue
from commodity,’ 56% had positive outcomes com-
pared with 24% for ‘household income.’ This difference
could represent the relative success of certiﬁcation in
providing premiums but less success with improving
smallholders’ overall economic situation. Within
environmental response variables, positive impacts on
habitat conservation are unanimous (although only 2
cases). Average fraction of positive impacts on other
environmentalpractices (e.g. useoforganic fertilizers) is
only 22 percent.
Aggregation by commodity indicates a predomi-
nance of studies on coffee (20 cases compared with 2
each for tea and bananas). Coffee had the highest
average fraction of positive outcomes (36%) although
the difference with banana (24%) and tea (25%) was
not statistically signiﬁcant.
Comparison across certiﬁcation programs is
hampered by lack of cases that cover the range of
commodities and outcome categories required for a
valid comparison (table S3). For example, cases with
organic certiﬁcation only included economic response
variables and no cases covered fair trade tea. Based on
the available cases, Rainforest Alliance had a
marginally non-signiﬁcantly higher average percent-
age of positive response variables (77%, p = 0.06) and
Utz had the highest average percentage of negative
response variables (22%, p = 0.06) compared among
Fairtrade, organic, Rainforest Alliance, and Utz. Many
more studies are needed to conﬁdently assess whether
these different programs have led to varying outcomes.5. Conclusions
Based on studies that rigorously compare certiﬁed and
non-certiﬁed producers, we conclude that voluntary
Table 5. Average fraction across 24 cases of impacts variables (excluding those categorized as ‘other’) that are positive, not signiﬁcant
and negative for certiﬁed (treatment) and uncertiﬁed (control) producers grouped by category of response variable, commodity, and
certiﬁcation program. P-values are results of Kruskal-Wallace test to test difference in means.
No. of
casesa
Mean no. (range)
of response
variables per case
Average fraction (st dev) across cases of response
variables by sign between treatment (certiﬁed) and
control (non-certiﬁed)
Positive Not signiﬁcant Negative
By category of response variable
Environmental 6 4.00 (1–15) 0.36 (0.45) 0.64 (0.45) 0 (0)
Economic 20 11.05 (2–26) 0.36 (0.39) 0.59 (0.37) 0.05 (0.11)
Social 16 6.13 (2–13) 0.18 (0.17) 0.62 (0.28) 0.21 (0.24)
p-value n.s. n.s. 0.01
By commodity
Banana 2 24.00 (14–34) 0.24 (0.15) 0.66 (0.01) 0.10 (0.14)
Coffee 20 14.00 (1–39) 0.36 (0.33) 0.55 (0.31) 0.09 (0.14)
Tea 2 10.00 (10-10) 0.25 (0.35) 0.75 (0.35) 0 (0)
p-value n.s. n.s. n.s.
By certiﬁcation programb
FairTrade 10 17.60 (3–39) 0.39 (0.27) 0.55 (0.23) 0.06 (0.09)
Organic 4 6.25 (2–10) 0.38 (0.48) 0.63 (0.48) 0 (0)
Rainforest Alliance 2 12.50 (1–24) 0.77 (0.32) 0.23 (0.32) 0 (0)
Utz 6 14.67 (1–19) 0.13 (0.18) 0.65 (0.29) 0.22 (0.19)
p-value 0.06 n.s. 0.06
All 24 14.54 (1–39) 0.34 (0.32) 0.58 (0.30) 0.08 (0.13)
a Number of cases sums to more than 24 for category and certiﬁcation program because cases can include more than one category or
program.
b Comparison by certiﬁcation program does not include multiple certiﬁcation (Fairtrade/organic and Fairtrade/UTZ) because only
one case was available for these programs.
Environ. Res. Lett. 12 (2017) 033001 R S DeFries et alcertiﬁcation programs for the tropical commodities
considered in this review generally lead to some
positive impacts (on average 34% of response
variables) with most impacts (on average 58%)
showing no difference between certiﬁed and non-
certiﬁed producers. This result is not surprising
considering that variables quantiﬁed in the studies
covered a broad set of impacts, many of which are not
explicit goals of the certiﬁcation programs (table S2).
Negative impacts, which could occur, for example, if a
household loses income by producing a certiﬁed
product without recouping the costs of compliance
through premiums or other beneﬁts, are less common
(on average 8% of response variables).
Based on the small sample of 24 cases and
particularly the small number of cases for commodi-
ties other than coffee, we have only moderate
conﬁdence in these results. We cannot rule out
selection bias of study region that would inﬂate (if
researchers choose study regions where certiﬁcation
programs are more impactful than randomly selected
study regions) or deﬂate (if researchers choose study
regions where certiﬁcation programs are less impact-
ful) results. A randomized selection of study regions
would be required to eliminate this potential bias.
From a consumer’s point of view, the results
indicate that premiums for certiﬁed products do have a
generally positive impact on the ground. These
positive impacts are most pronounced for conserving
habitat and increasing revenue from the commodity
for the producer compared with more diffuse impacts9on environment and overall household income. We
conclude that certiﬁcation programs can play a role in
advancing sustainable development goals, although
consumers should be aware that these programs are
not a panacea especially for the considerable social
hardships facing smallholder producers. However, the
imbalance that creates more supply than demand
(ﬁgure 1), as well as the usurpation of governance
responsibilities by actors from the North, are serious
obstacles to long-term contributions of voluntary
certiﬁcation programs to sustainable development
goals.
From a researcher’s point of view, the results
conﬁrm the arguments of Milder et al (2015) that
shared evaluation criteria and procedures are urgently
needed for the future success of certiﬁcation programs.
Lack of consistency in response variables and non-
standard reporting were challenging for this review. In
particular, studies with rigorous matching procedures
and construction of a counterfactual control group are
needed to add to the body of evidence. Even within the
24 cases with low bias, studies were inconsistent in
how they reported results, e.g. percentages or absolute
differences in response variables between treatment
and control groups. Studies also used different
deﬁnitions of response variables. Consequently, the
possibility to conduct a rigorous meta-analysis with
pooled data from different studies was limited.
Moreover, the imbalance in the number of cases
assessing the impacts of coffee certiﬁcation compared
with the other commodities (20 out of 24) prohibits
Environ. Res. Lett. 12 (2017) 033001 R S DeFries et alrobust conclusions comparing outcomes for certiﬁca-
tion for different commodities. A further limitation is
the inability to assess the magnitude of the differences
in response variables beyond signiﬁcantly positive,
negative or no difference.
We support an independent process, such as
advocated by the Committee on Sustainability
Assessment (COSA 2013), to identify evaluation
criteria, study design, and analysis to evaluate
certiﬁcation programs in the future. With current
discussion about certiﬁcation at the jurisdictional
landscape level (Tscharntke et al 2015), an approach to
evaluate effectiveness of certiﬁcation will need to
consider construction of control groups at the
landscape-scale, preferably from the outset of such
programs.
Finally, we note the challenges and beneﬁts of
following the procedures identiﬁed in the healthcare
ﬁeld for Cochrane Reviews. Randomized control trials
are not generally feasible in many topics related to
sustainability, putting a large onus on researchers to
develop statistically valid counterfactual control
groups. The strict procedures for Cochrane Reviews
could beneﬁt many aspects of sustainability studies by
promoting rigorous analysis of primary data. In
addition, such reviews can provide a basis for
evidence-based decisions by the public, governments,
and non-governmental organizations.Acknowledgments
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